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@ Penems, pharmaceutical compositions containing them, process for preparing them.

&) Compounds having the formula |

s T

S
R— X

(o} COOH

in which R is hydroxyloweralkyl, and

VQ
Xis (i) (a) -—(CHg)n—C‘)mH or
COOH
g
(b) -—E— {CHp)pz7——2 inwhichnisQto4,
A

Ry
Qis ~NR4Rg or -N-C-W in which Ry and Ry are independently

NR,
chosen from hydrogen, loweralkyl, and various other gorups,
W is chosen from hydrogen, loweralkyl and amino; and Z
is chosen from hydrogen, 4-imidazolyl, and various other
groups;
orXis

(CHa)p

(ii) —< ><NR3
G

(CHy);

inwhichpis2to6, NH

ris0,1,2,0r3,

Rz is hydrogen, loweralkyl, amidino or R4~-C-

in which R4 is hydrogen or C1-Cjz alkyl, and G is hydrogen, low-
eralkyl, loweralkoxy, amino, hydroxy, carboxy or loweralkylthio;
and the pharmaceutically acceptable salts and metabolisable
esters thereof.

The compounds have anti-bacterial activity.
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PENEMS, PHARMACEUTICAL COMPOSITIONS

CONTAINING THEM, PROCESS FOR

PREPARING THEM

This invention relates to chemical compounds of the kind
5 known as penems, in partiecular 6-substituted-2-substi-
tuted penems, to processes for their preparation, and

pharmaceutical compositions containing them.

Some penem compounds are known, for example from Euro-
pean Patent Specifications publication Nos. 0 003960 and
10 0 013662

The present invention provides novel penem compounds

having the general formula

o N \ CooH

wherein R is hydroxy-loweralkyl,
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and X 1is

(1) (a) -(CHz)n—C~vH or

in which n is 0 to 4;

Q 1is -NR R2 or -N-C-W

in which Rland R2 are independantly chosen from hydro-
gen, loweralkyl, loweralkenyl, heterocaryl, phenvyl,
pheayl 3ubstituted by one or more groups chosen from
chloro,bromo, fluoro, loweralkyl, hydroxy, nitro, amino,
aminomethyl, mono-loweralkylamino, di-loweralkylamino,
loweralkoxy and carboxy,or Rl is hydrogen and R2 is
acyl; W is chosen from hydrogen, loweralkyl or amino:
and Z is hydrogen, 4-imidazolyl, 3-indolyl, phenvyl,
p-hydroxyphenyl, branched lower alkyl, -COOR,, -OR

1 1’
—NRlR2 or --SRl wherein Rl and R2 are as defined above; or
. (CHZ)p\
(ll) ) ' NR3
(CH2)1'>< c

wherein p 1is 2 to 6,

r is 0,1,2 or 3,
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R, is hydrogen, loweralkyl, or

3

in which R,
gen, loweralkyl, loweralkoxy, . amino, hydroxy, carboxy

is hydrogen or Cl---C3 alkyly and G is hydro-
or loweralkylthio,

and the pharmaceutically acceptable salts and meta-

bolisable esters thereof.

Preferred compounds having the part structure (i)(a)

above are those having the formula II

. 9
S I

- H
, ‘ (CHZ)D E 113
COOH

o) COOH

o]

where n and Q are as defined above, and the pharmaceu-
tically acceptable salts and esters thereof. The more
preferred of these compounds are those having the

formula IIa

oy 5 s

& -— i H
\__(CHZ)n E h

COCH - -_

l
N A ———
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and the pharmaceutically acceptable salts and esters
thereof. Also preferred as category {(i)(a) compounds
are those of formula II in which n is 2 especially
having a 3'-amino-3'-carboxypropyl group as the 2-sub-
stituent.

The preferred compounds having the part structure

(i) (b) are those represented by formula III

H H NH2
oH % = S\ z (CH )/\ 7, _—
l—_I—_ 2'n 111
H
N ™7\
0 COOH

in which n is as defined above, and Z is chosen from
hydrogen, carboxy, hydroxy, loweralkylthio or amino,

and the pharmaceutically acceptable salts and esters
thereof. '

More preferred compounds of part structure (i) (b) are

those of formula III!
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in which n and Z are as defined above.

A particularly preferred group of compounds of formula
1 (i) (b) (especially including compounds of formulae
IIT and III')are those in which n is 1 and Z is lower

alkylthio or carboxy.

Preferred compounds of category (ii) are those where-
in (r + p) equals 4. Also preferred are those wherein
G is hydrogen or methyl. Highly preferred compounds

of this category are those in which (r + p) equals 4

and G is hydrogen or methyl.

The lower alkyl groups referred to above contain 1 to
6 carbon atoms and include methyl, ethyl, propyl,
butyl, pentyl, hexyl and the corresponding branched

chain isomers thereof.
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The lower alkenyl groups referred to above contain

2 to 6, and preferrably 2 to 4, carbon atoms, and are,
for example, vinyl, allyl, but-2-enyl or but-3-enyl
groups.

The lower alkoxy groups referred to above contain

1 to 6, and preferably 1 to 3, carbon atoms and are
illustrated by methoxy, ethoxy, n-propoxy, isopropoxy
and the like.

The term "heteroaryl® as used herein refers to a hete-
rocyclic group of aromatic character which contains

5 to 7 ring atoms of which 3 to 6 are carbon atoms and
tﬁe remaining ring atoms are nitrogen, sulfur or oxygen
atoms. Typical heteroaryl groups are those such as
pyridyl, for example, pyrid-2-yl, pyrid-3-yl or pyrid-
4-yl, thienyl, for exampie, thien-2-yv1, or furyl, for
example, fur-2-yl.

The acyl groups referred to above contain 2 to 18
carbon atoms and are the residue of a sulfonic acid or
a carboxylic acid, such as acetyl, prbpionyl, valeryl
and butyryl.

The compounds of the present invention possess at least
two asymetric carbon atoms or chiral centres, indicated
in the partial formula below at the 5 and 6-position

carbon atoms.

Y T
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H H
8 é-*—ji 1
)] l
R - 6 5 2
7 3
y/ N N
o/ 4

The configuration at the 5 position is R. The overall
configurations at these centers may thus be 5R,6R, and
5R,6S. The preferred.configuration is 5R, 6S.

Additionally there may be an asymetric carbon atom or
chiral centre in the hydroxyloweralkyl group'R, in which
case such centre preferably has the R configuration. As
1-hydroxyethyl is the préferred"R'group, the preferred
configuration at the three centres discussed above will
be 5R,6S, 8R.

The compounds of caterogy (i)(a) and (i)(b) possess at
least 3 asymetric carbon atoms, i.e. with one, in
addition to those shown above, in the side chain to
which the nitrogen atom of group Q is attached. The
preferred stereochemistry for this carbon atom in the
category (i)(a) compounds is R when n is 1 to 4 and

S when n is O. However the use of the diastereomeric
form at the amino acid carbon is also contemplated and
thus the present invention includes both the dia-
stereomeric mixture (at the amino acid carbon) as well

as the individual diastereoisomer.
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The stereochemistry of the corresponding carbon atom
in the category (i) (b) compounds, namely the 1'
position carbon atom,is R, as shown in the drawing

of the 2-side chain, and the present invention con-
templates not only the pure isomer (that is the de-
‘signated isomer in the absence of other isomers of the
same compound)bu; mixtures of the designated isomer

with other stereoisomers of the same compound.

In the category (ii) compounds, depending upon the
particular values for p, r and G, one or more
asymetric carbon atoms may exist in the ring substi-

tuent attached to the 2-position. The present inven-

tion contemplates individual isomers as well as enan-.

tiomeric and diastereomeric mixtures of these compounds.

Pharmaceutically acceptable salts in accordance with
the invention include salts formed from organic or

inorganic bases, as well as acid addition salts and

internal salts i.e. zwitterions.

Suitable pharmaceutically acceptable salts include
the alkali metal, alkaline earth metal, amine and
acid addition salts, for example sodium, potassium,
aluminium, magnesium and calcium salts, and amine

salts which may be formed from a wide variety of

suitable organic amines, such as aliphatic, or ali-

phatic primary, secondary or tertiary mono-, di-
or polyamines, or heterocyclic bases, for example

from triethylamine, 2-hydroxyethylamine, di-(2-
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hydroxyethyl)amine, tri-(2-hydroxyethyl)amine, 4-
aminobenzoic acid 2-diethylaminocethyl ester, l-ethyl-
piperidine, bicyclohexylamine, N,N'-dibenzylethylene-
diamine, pyridine, collidine, quinoline, procaine,
dibenzylamine, l-ephenamine and N-alkylpiperidine.
Typical acid addition salts are those formed with
mineral acids such as hydrochloric, hydrobromic,
hydroiodic, phosphoric and sulfuric or with suitable
carboxylic acids or sulfonic acids such as trifluoro-
acetic, p-toluenesulfonic, maleic, acetic, citric,
oxalic, succinic, benzoic, tartaric, fumaric, mandelic,

ascorbic, lactobionic and malic.

The metabolizable‘estérs are the physiologically
cleavable esters, i.e., those esters known in the
penicillin, cephalosporin and penem arts to be easily
cleaved within the body to the parent acid. Examples

of such metabolizable esters are those such as indanyl,
phfhalidyl, methoxymethyl, glycyloxymethyl, phenyl-
glycyloxymethyl, thienylglycyloxymethyl or acyloxy-
methyl of the formula

1
-CH,-0-C-Y*

wherein Y!' is lower alkyl or phenyl. Particularly pre-
ferred metabolizable esters are methoxymethyl, acetoxy-
methyl, pivaloyloxymethyl, phthalidyl and indanyl.

Preparation of these salts and metabolizable esters

may be carried out according to conventional procedures

A e



10

15

20

0109044

for forming salts and esters of beta-lactam antibiotics

such as penicillins and cephalosporins.

Representative examples of compounds of this invention

include the following:

1)

2)

- 3)

4)

5)

6)

7)

8)

9)

(5R,6S5,8R,1'R)-6-(1-hydroxyethyl)-2-(1l'-amino-
ethyl)-2-penem-3-carboxylic acid,

(3LGSﬁR,l'R)-6—(l—hydroxyethyl)—Z-[(l'-amino—

3'—carboxy)-propyl]-2-penem—3—carboxylic acid,

(SR,GS,8R,l'R)—6—(l—hydroxyethyl)—2-[(l'—amino—
3'—methylthio)propyl]—2-penem-3—carboxylic acid,

(5R,6S,8R,1'R)~6-(1-hydroxyethyl)-2- [(1'-amino-
2'-methylthio)ethyl}—2—penem—3—carboxylic acid,

(5R,68,8R,1'R} ~-6~(l-hydroxyethyl)-2- ﬁ',S'—
dianinopentylﬂ~2-penem-3—carboxylic acid,

sodium {(5R,6S,8R,1'R)-6-{(1-hydroxyethyl)-2-
[(l'—acetimidoyl—B'—methylthio)propyl]—Z—penem—

3-carboxylate or the free acid,
sodium (5R,6S5,8R,1'R)-6-(1l-hydroxyethyl)-2-

[(l'—guanidoyl—3'-methylthio)propyl]—2—penem—3—
carboxylate or the free acid,

(5R,6S,8R,2'R)-6-(1-hydroxyethyl)-2-(2*'-amino-
2'—carboxyethyl-2-penem-3-carboxylic acid,

(5R,65,8R,4'R)-6~{1-hydroxyethyl)}-2-(4'amino~



10

15

20

0109044

- 10 -
4'-carboxy)-butyl-2-penem-3-carboxylic acid,

10) (5R,6S5,8R}-6-{(1l-hydroxyethyl)-2-(4'-piperidinyl)
-2-penem-3-carboxylic acid,

11) (5R,6S,8R,3'RS)-6-{1-hydroxyethyl)-2-(3'~-piperi-

dinyl)-2-penem-3-carboxylic acid,

12) (5R,6S,8R,2'RS)-6-(l-hydroxyethyl)-2-(2'-piper-

idinyl)-2-penem-3-carboxylic acid,

13) (5R,6S,8R,2'R)-6-(1-hydroxyethyl)-2-~(2'-pyrrol-

idinyl)~-2-penem-3-carboxylic acid,

14) (5R,6S5,8R)-6-(1-hydroxyethyl)-2-(N-acetimidoyl~

4'-piperidinyl)-2-penem-3-carboxylic acid,

15) (5R,65,8R)-6~(1-hydroxyethyl)-2-(N-amidino-4'-
piperidinyl)-2-penem-3-carboxylic acid,

and the pharmaceutically acceptable salts and

metabolisable esters of the foregoing free acids.

The compounds of this invention possess antibacterial
actiVity which may be determined by testing in standar-
dized in vitro dilution tests for minimum inhibitory
concentrations (MICs). Using such standard microbio-

logical procedures, the compounds of this invention are

- found to exhibit activity against gram-positive and

gram-negative bacteria such as Staphylococcus aufeus,

Escherichia coli and Pseudomonas aeruginosa at test
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levels of 0.1 to 100 mcg/ml. Additionally, they show
activity against such organisms in the presence of peni-
cillinase and cephalosporinase, indicating a resistance
to these enzymes.

As antibacterial agents, the compounds of the present
invention can be formulated in conventional manner for
oral, parenteral and topical use. Thus the instant
invention includes within its scope pharmaceutical compositions
comprising the novel compounds of the invention in admixture with a
pharmaceutically acceptable carrier or excipient therefor.

The dosage administered of the penems of this
invention is dependent upon & variety of factors, i.e.,

the age and weight of the individual being treated, the

mode of administration, and the type and severity of the
bacterial infection being pfevented or reduced.Typically the
QOSagg administered per day is 1 to 250mg/kg and preferabiy
from about 5 to 20 mg/kg in divided dosages. Typically,
the dosage will be administered in dosage units containing
convenient amounts, for example, 125, 250 or 500 mg of
active ingredient combined with a suitazble physiologically
acceptable carrier or diluent.

For oral administration, the compounds of this
invention are typically formulated as tablets, capsules or

elixirs. For parenteral administration they may be formul-

"ated into solutions or suspensions. Typical topical form-

ulations are lotions, creams, ointments, sprays, and

mechanical delivery systems, e.g. transdermal.
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Typical pharmaceutically acceptable carriers for use in the formula-
tions described above are exemplifed by: sugars such as
lactose, sucrose, mannitol and sorbitol; starches such as
corn starch, tapioca starch and potato starch; cellulose
and derijvatives such as sodium carboxy-methyl cellulose,
ethyl cellulose, and methyl cellulose; calcium phosphates
such as dicalcium phosphate and tri-calcium phosphates;
sodium sulfate; calcium sulfate; polyvinyl pyrrolidone;
polyvinyl alcohol; stearic acid; alkaline earth metal
stearates such as magnesium stearate; stearic acid, vegé-
table oils such as peanut oil, cottonseed o0il, sesame o0il,
olive 0il and corn o0il; non-ionic, cationic and anionic
surfactants; ethylene glycol polymers; beta-cyclodextrin;
fafty alcohols; hydrolyzed cereal solids, water; poly-
alkylene glycols; isopropanol; gelatin; benzyl alcohol;
gums; and petrolatum; as we]] as other non-toxic compa-
tible fillers, binders, disintegrants and lubricants
commonly used in pharmaceutical formulations. Optionally,
the compositions may also contain preservatives, aerosol
prope’lants such as hydro-carbons; and colouring, thicken-
ing, suspending, dispersing, emulsifying, wetting, stabil-
izing and buffering agents. In addition, there may also
be included in the compositon other active ingredients to
extend the spectrum of antibacterial activity and/or
provide relief of concommittant symptoms such as inflam-

“mation.

The compounds of the present invention can be prepared by

“intramolecular cyclisation of a compound of formula IV
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|
ul
2 UR:
/
Wm0
\
12

y 10
0 e 4
COOPg
in which Rib is oxygen or sulphur, R is as defined above,
Pg is a carboxy protecting group, X' represents
] 1
yR]R 2
a) '(CHZ)n'—-vaH
coopg™
1 [}
b) NR]R2

$(CH

2)n+1—. z

=X

in which Ri and Ré represent respectively Ry and R2

defined above except that they cannot simultaneously

as

represent hydrogen or Ri corresponds to R] as defined above
and Ré is an amino protecting group, Pg™ 1is a carboxy
protecting grodp and any functional group in Z is protec-

ted if necessary or desired; or

c) CH,)
2 p\NRé

/;><G'
CHZ)p

“in which R} is loweralkyl or an amino protecting group

3
and any functional group in G is protected if necessary

or desired,

any other functional groups in compound IV are protected
if necessary or desired and Y is a phosphonio group being
double bonded to the adjacent carbon atom or a phosphonato
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group with a simle bond to the adjacent carbon atom the
negative charge of which is compensated by the presence
of a cation, followed by removal of any protecting groups
before or after any necessary or desired separation of
stereoisomers if a mixture of stereoisomers was subjected
to cyclisation, and if necessary or desired subjecting
the resulting compound to one or more of the following
operations:

(i) converting a free acid group to a pharmaceutically
acceptable salt or metabolisable ester group;

(ii) converting a salt to a pharmaceutically acceptable
- metabolisable ester or free acid;

(i1ii) introducing the grouping -%-w into an amine
Rz
group represented by Q;

(iv) replacing the substituent Rg,when it represents
hydrogen,by amidine or the grouping
NH
|
R4'—C‘,'
(v) separation of a mixture of enantiomers.

The cyclisation of the intermediate of formula IV is pre-

ferably accomplished by dissolving the intermediate in a

suitable organic solvent such as benzene, toluene or

xylene and heating at reflux temperature for 24 to 48

-hours.
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The amino group represented by Q or R3 may be converted
to corresponding guanidine or amidine group e.g. where
an amino group Q is converted to the

NH

2
——NH—2C=NH

group, as described in ICAAC 11th International Congress
of Chemotherapy, 19th Interscience Conference on Anti-

microbial Agents and Chemotherapy, Boston, October 1-5,
1979, Papers 231 and 232 and Belgian Patent 848, 545.

Salts and esters of the compounds of formula I may be
produced by methods well known in the B-lactam art. For

'example, salts of such compounds with acid groups can

be formed by treatingrwith metal compounds such as
alkali metal salts of suitable carboxylic acids, or
with ammonia or a suitable organic amine, wherein pre-
ferably-a stoichiometric amount or only a smail-excess
of the salt-forming agent is used. Acid addition salts of

the compounds of formula I - with basic groupings

" are obtainable in the usual manner, for example, by

treating with an acid or a suitable anion exchange
reagent. The metabolizable esters can be prepared by
reacting the corresponding alkali metal salt of
formula I with a chloride of the esterifying group,
preferably in a solvent such as dimethylformamide.
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The protecting groups used may be any of those convention-
ally used in the B-lactam art. Suitable hydroxy protec-
ting groups are those known in the art such as t-
butoxycarbonyl, p-nitrobenzylloxycarbonyl and 2,2,2-trich-
loroethoxy-carbonyl with the Tatter preferred. Typical
amino protecting groups are those known in the art, such
as allyloxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2-
bromo- ethoxycarbonyl, 4-methoxybenzyloxycarbonyl and

t-butoxycarbonyl, with allyloxycarbonyl being most pre-
ferred. Typical carboxy protecting groups are allyl,
2,2,2-trichloroethyl, 2-bromoethyl, 4-methoxybenzyl and
t-butyl with allyl being preferred.

The reaction conditions for any necessary deprotection
depends upon the nature of the protecting groups and
such conditions are well known to the skilled man.

for instance, a 2,2,2-trichloro-ethoxycarbonyl group

is preferably removed by treatment with zinc and glacial
acetic acid at temperatures in the range of from -30°

to 0° C; groups such as p-nitrobenzyloxycarbonyl are
removed by hydrogenolysis, for example by treating with
hydrogen in the presence of a noble metal catalyst

such as palladium. Allyl and allyloxycarbonyl protect-

ing groups are most preferably removed utilizing the

-method described in European Patent Application publi-

cation No. 13662 which utilizes e.g. 2-ethyl-hexanoic

acid or an alkali metal salt thereof and as catalyst,

an organic-soluble palladium complex having a co-

ordinating phosphine ligand; Alternatively, these pro-
tecting groups may be removed by the method of Tsuji

described in Tetrahedron Letters, 7, 613 (1979). The
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Tsuji deprotection procedure utilizes an amine salt of

formic acid and a mixture of a palladium compound and
triphenylphosphine as the catalyst.

Compounds of formula IV can be prepared by following
reaction scheme I:

REACTION SCHEME I

0
[ H
//Siﬁ\ H  0-C-CH,
4— NH :
O —
X A

L.
0]
/

0
\
(@)}
o)
qu
i
n
/
\
»

R i
A—n 10 — . Ry
o \7'Br ¥ T HH
CO,Pg AL
XIII
_lc
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For purposes of illustration the reaction scheme shows
the production of intermediates having the preferred 3-
position substituent namely 1-protected-hydroxyethyl. It
will be apparent that the reaction scheme may be applied
equally to the preparation of intermediates in which the
3-position substitutent is another protected-hydroxy

loweralkyl group. The same consideration applies to
reaction scheme II below.

In step A a 4-acetoxy-3-(protected-hydroxyethyl)-

azetidin-2-one of formula X in which Pg' is a remove-

able hydroxy protecting group is reacted with a compound
of formula XI

Hs-ﬁ-x'

Rio

XI

in which Rlo and X'are as defined above,

or a reactive derivative thereof,in which any functional
groups are protected if necessary or desired.

The reaction of step A is generally conducted under
basic condition, in aqueous media.

In the preferred procedure according to reaction scheme 1
compound XI has the formula XI®

Hs-c-x!
i
(o} X1

0109044
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in which X'is as defined above, and the reaction
mixture is formed, for example by adding a solution

of the azetidinone of formula X in a water-miscible
solvent, for example tetrahydrofuran or dioxane, to an
agueous solution of the thiolcarboxylic acid of
formula XI' and sodium carbonate or sodium hydroxide.
Generally the reaction between azetidinone X and
thiolcarboxylic acid XI' can be carried out at a
temperature in the range of 0° ¢ to 50° C, pre-

ferably at room temperature, for 12 to 24 hours.

étep B’ involves a first stage in which a carboxy-pro-
tected 2-hydroxy acetic acid group is added to the
nitrogen of the azetid@none ring in a compound of formula
XII, and a second stage in which the hydroxy group of
the 2-hydroxy acetic acid group is replaced by bromine
or chlorine.

In the first stage the reaction is carried out by re-
acting the intermediate of formula XII with a gly-

oxylic ester of formula XIVa or its hemiacetal of
formula XIVb

00
0o ) OH

HC-C-0Pg or

XIVa
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in which Pg is a suitable easily removable protecting
group, preferably one which can be removed under the
same conditions as other protecting groups in the eveatual
cyclisation product. For this reason the allyl group
"is particularly preferred as it may later be removed
concurrently with an allyloxycarbonyl group used for
anino group protection. This reaction may be carried
out in an organic solvent such as methylene chloride,
chloroform or carbon tetrachloride and in the presence
of a catalytic amount of an acid acceptor such as tri-
ethylamine or pyridine. The reaction time may be from

5 to 60 minutes and reaction temperature from 0° to .

509 C, with room temperature being preferred.

The second stage of step B may be accomplished util-
izing a halogenating agent, for example thionyl
chloride, thionyl bromide, mesyl chloride, mesyl brom~
ide, or a phosphorus oxyhalide especially the chlor-
ide, preferably in the presence of a base, preferably
an organic hase such as an aliphatic tertiary amine
for example triethylamine, pyridine or collidine. Pre-
ferably the reaction is carried out in the presence

of a suitable solvent such as methylene chloride, di-
oxane or tetrahydrofuran ® at a temperature in the range
from -20° ¢ to 0° c.
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Step C involves the conversion of the halide inter-
nmediate of formula XIII into the intermediate of for-
mula IV. This conversion is preferably accomplished by
reaction of the halide intermediate with a suitable
phosphine such as a triloweralkylphosphine, for example
tri-n-butylphosphine or a triarylphosphine for example
triphenylphosphine.

Triphenylphosphine is preferred for use in the present
invention.

The reaction is preferably carried out in the presence
of a suitable inert solvent such as dioxane, tetrahydro-
furan or dimethylformamide. Depending upon the reactiv-
ity the reaction may be conducted with cooling or at
elevated temperatures and is preferably carried out at

room temperature.

The starting compounds of formula X may be obtained by
methods known in the art, for example a;cording to the
teachings of Eurcpean Patent Application Publications
No. 3960 and 13662.
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In a preferred method the compounds of formula X can be

obtained by treating a penicillinate of the formula XX

org!

s B
T XX

o”? N7 N cooa

in which Pg' is as defined above and A is loweralkyl,

with mercuric acetate in glacial acetic acid followed

5
by separation of the resulting azetidinone inter-.
mediate of formula XXI
opg! o
|
/k OC-CH,
& —
0 N YC (CH3) 2
COOCH3
which intermediate is then treated with agueous acet-
10 one and in the presence of potassium permanganate

under cooling to give the desired compound of formula X.

0109044

A
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Intermediates of formula XX are preparable for

example following the procedure of preparation C
paragraphs A to E in European Patent Application
publication No. 0013662, starting from 6-B-amino

penicilliinic acid by:

1) first treating the acid in 2.5N sulfuric acid
with sodium bromide, then at 0° ¢ with sodium
nitrate and bromine to form a mixture of 6,6
dibromo penicillinic acid and 6-g-bromo-penicil-
1inic acid,

2) treating the penicillinic acid mixture in
dimethyl formamide at 0° ¢ with finely powdered
potassium carbonate and methyl iodide, and

isolating pure methyl 6,6-dibromopenicillinate,

3) treating the ester from 2) in tetrahydrofuran,
under nitrogen with coocling, with acetaldehyde
in the presence of methylmagnesiumbromide to
yield a mixture of methyl 6a-bromo-6g-(l-hydroxy-
ethyl penicillinate and the corresponding 6a-

(1-hydroxyethyl)-68-bromo compound.

4) dehalogenation by treating with a 10% palladium
on calcium carbonate catalyst under 2 atmo-

spheres hydrogen pressure; and
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S5) protection of the (l-hydroxyethyl group) by

treatment with B8,B,B-trichloroethylchloroformate
in dry methylene choride in the presence of
pyridine and under a nitrogen atmosphere to give

the methyl-G-(l-trichloroethoxycarbonyloxyethyl)
penicillinate.

Compounds of formula XI can be prepared by methods

known in the art.
For example compounds of formula XI' can be prepared
by converting the carboxy group of a carboxylic acid

of formula XXIII

HO - C - %!

il
o XXIIT

in which any functional groups in X'are protected if nec-
essary or desired, to a thio]éarboxy group. This can be
accomplished by dissolving the compound of formula XXIII
in a suitable soivent,for example tetrahydrofuran or
dioxane, treating it with isobutylchloroformate and an
organic acid acceptor for example triethylamine or pyri-
dine, followed by the addition of hydrogen sulfide gas.
The reaction is preferably carried out at -20° to 0°C

and for a period fo 5 to 30 minutes.

The intermediates of formula XXIII can be produced by
first protecting the amino group or groups in the group
X' of the appropriate carboxylic acid. By way of example,
in the preparation of category (i) (a) and (i) (b) com-
pounds the formula XXIII starting materials can be
produced by first protecting the amino group of an alpha
amino carboxylic acid, for example of alpha amino carboxy-
lic acid, for example of formula XXIII(a) and XXIII(b)
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NH2
NH -
H : 2 HO_C
COZH XXITII(p)
XXIII(a)

in which n and Z are as defined above to afford the corres-
ponding alpha-N-protected carboxylic acid, for example
of formulaXXIV (a) and XXIV (b)

NHPgrx
HOZC ,/{Cﬂz S Z....H

5 HO.C cu,y7 Nz CO.H

2 2'n 2

NHPgr

XXIV (b)
XXIV (a)

in which Pgr is a suitable readily removable amino
protecting group, preferably allyloxycarbonyl. Usually
the reaction is carried out in aqueous media to which
o a suitable inorganic base, such as sodium hydroxide
10 has been added. The protecting group can then be added
o v$¢a a reactive derivative, for example the chloro-
formate.
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In the case of the intermediates of formula XXIV and

- others used in the preparation of compounds of formula

1 (i) (a) the carboxylic group attached to the same
carbon atom as the amino nitrogen (or group Q) should
also be —protected. This can be carried out by reacting
the N-protected intermediate with allylbromide in the

presence of an organic base e.g. triethylamine.

It will also be appreciated by the skilled man that
functional groups contained in Z, may need to be pro-
tected and that such protection can be carried out in

conventional manner.

Reactive derivatives of the compounds of formula XI
include the metal salts e.g. alkali metal salts such

as sodium or potassium salts.
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An alternative method for the preparation of the compounds
of formula IV involves the reaction of a suitably protec-
ted compound of formula XXIII or of a suitably protected
mixed anhydride obtained by reacting a compound of form-
ula XXIII with a suitable chloroformate, for example
loweralkyl chioroformate e.g. methylchloroformate or iso-
butylchloroformate in the presence of an acid acceptor,

for example pyridine or triethylamine, with a silver salt

of formula XV. The mixed anhydride is preferably prepared in

situ in the reaction medium and reacted immediately after

its preparation with the silver salt.

- OPg' .
B X
0 G— N\(Y
COZPg'

in which Pg,Pg' and Y are as detfined above.

This reaction is preferably carried out in an inert
solvent for exémple tetrahydrofuran or ethyl ether
preferably at temperatures of from -20° ¢ to 0° c.
Reaction times are preferably from 0.5 to 2 hours.

The silver salt of formula XV is preferably prepared by

following the reaction scheme shown below
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REACTION SCHEME

1T

oPg* 2
//L\\ OC-CH, .
———————
/— NH
o -
X
opg'
——
A N
(o] \r. Y
XV 0=C-0Pg

Step IIA involves the conversion of a compound of

5 formula };

into a 4-triphenylmethylthio azetidinone

intermediate of the formula XXX in which Pg'is as

defined above. This conversion is preferably carried

out by reacting the compound of formula 'z

with tri-

phenylmethylthiol in the presence of an acid acceptor

10 which may be inorganic, for example potassium or sodium

carbonate or organic, for example triethylamine.

The

reaction is preferably carried out at 0° to 50° ¢

{preferably at room temperature) and preferably in an

organic solvent for example acetonitrile

or pyridine.

15 Reaction time depends upon the other reaction con-

ditions utilized but usually is in the range of 2 to

24 hours.
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Step IIB involves the conversion of the intermediate
XXX into the phosphorane intermediate of formula XXXI,
which is preferably accomplished using the same or
similar procedure as described above for the conversion
of the intermediate of formula XII to the inter-
mediate of formula XIV.

Step IIC, involves the conversion of the intermediate
of formula XXXI to the silver salt XV. This reaction

is preferably carried out in a suitable organic solvent
for example a halogenated hydrocarbon for example
methylene chloride, using a reactive silver compound,
usually a salt which is soluble in the selected solvent.
Silver nitrate is the preferred reactive silver com-
pound. An organic or inorganic base,for example aniline,
pyridine, collidine or an alkali metal carbonate,is
preferably included in the reaction mixture. Preferably
the temperature range is from -20° ¢ to 25° c. The
reaction time depends upon the particular condi*ions

and reagents, but is usually less than 1/2 hour.

Another process for the preparation of the compounds of

formula I comprises reacting a compound having the

general formula IV®

H |
R =S s X
v
R
O \ /O

&
cooP
g



10

15

- 20

. 0109044

in which R,X,Rj, and Pg are as defined above any functional

groups being protected if necessary or desired with a tri-
valent organophosphorus compound, preferably triethylphos-
phite, followed by removal of any protecting groups

from the cyclised product before or after any desired
separation of stereoisomers if a mixture of stereo-
isomers was subjected to cvclisation, and if necessary

or desired subjecting the resulting compound to one or
more of operations (i) to (iv) defined above in connection

with the first mentioned method of preparation of the
compounds of the invention.

In essence, this reaction is analogous to that des-
cribed in our European Patent Application publication
No. 58317.

In general the reaction can be carried out in an inert
solvent for example aromatic hydrocarbons e.g. benzene,
or toluene, aliphatic ethers e.g. diethylether or di-
isopropylether, cyclic ethers e.g. dioxane or tetra-
hydrofuran, and preferably halogenated hydrocarbons

such as methylenechloride or chloroform.

The cyclisation reaction is preferably carried out in
the temperature range 20° ¢ to 80° C and preferably

two molar equivalents of the phosphorus reagent is used.

The intermediates of formula IV' can be obtained by

reacting a compound of formula XII‘
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H
N E/S\C/ X
t XIT:®

V4

with an acid halide of the general formula
00

Lt
Pg-0-C-C-Hal

in which Pg is as defined above and Hal represents
halogen e.g. chloro or bromo. The reaction can be
carried out in an inert solvent in the presence of an
organic base, preferably a tertiary amine and preferably
also in the presence of an acid binding agent e.g. an

alkaline earth metal carbonate such as calcium carbonate.

In addition certain compounds of this invention will
form internal salts i.e. zwitterions, which may be
obtained by neutralizing salts such as acid addition
salts to the isoelectric point.

Salts may be converted in the usual manner into the free
carboxy compounds.
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Compounds of formula I can be prepared by stereospecific
synthesis or from mixtures of stereoisomers and the
resulting mixture of sterecisomers is separated if
necessary or desired. The compounds of formula I can
thus be prepared according to reaction scheme I and I1I
using racemic starting materials. For instance, in the
case of formula I(i)(a) compounds these may be prepared
starting from racemic starting materials of formula XI
which can be prepared using D,L mixtures of the compound
shown in stereospecific form in formula XXIII(a). A
desired isomer of formula I (or intermediate therefor)
can be separated from a mixture of stereoisomers as
discussed herein.

Resulting mixtures of isoﬁers can be separated into
the individual isomers according to known methods.
Diastereomeric mixtures, for example, can be separated
by fractional crystallization. absorption chromato-
graphy (column or thin layer) or other suitable se-
paration methods.Resulting racemates can be resolved

into the antipodes in the customary manner, for

“example, by forming a mixture of diastereomeric salts

with optically active salt-forming reagents, separating

the diastereomeric salts and converting the salts into

“the free compounds, or by fractional crystallization

from optically active solvents.
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" PREPARATION " A

N-allyloxycarbonyl-D-methionine

To a solution o0f15.00g D-methionine in 25.2 ml 4N
sodium hydroxide cooled to about 0° ¢ add, with
stirring, 15.60 ml allyl chloroformate and 41.49 ml
4N sodium hydroxide. After the addition is com-
pleted, stir the reaction for an additional ten
minutes at 0° C and then allow to warm to room
temperature for an additional 20 minutes. Wash the
reaction mixture twice with ethyl ether. Separate
agueous layers, acidify to pH 2 with concentrated
hydrochloric acid and chaen refrigerate for one
hour. Extract the cooled solution three times with
100 ml portions of ethyl ether. Combine the ether
extpnacts, dry them over anhydrous sodium sulfate
and remove the solvents under vacuum to afford the

title product having

lal 26 = -6.57 (CHCl,, c. = 0.4);
Mass spectra: Mf, 233; NMR: S(CDC13) 2.13 ppm
(s,3H), 2.58 ppm (&, 2H).
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N-allyloxycarbonyl-D-2-amino-4-methylthiothiocl-

" butyric acid

To a solution of 10g of the N-allyloxycarbonyl-D-
methionine from parégraph A in 100 ml tetrahydro-
furan and 7 ml pyridine at -15% C add a solution of
6.6 ml isobutylchloroformate in 10 ml tetrahydro-
furan over a period of ten minutes. Stir the re-
sulting suspension at about -15° to 10° ¢ for one-
half hour. Bubble hydrogen sulfide gas through the
reaction mixture for fifteen minutes at about -10°
C. Allow the reaction mixture to warm to room
temperature until the evolution of carbon dioxide
ceases and then dilute with 100 ml water. Acidify
the solution with 25 ml 2N hydrochloric acid and
then extract twice with 80 ml portions of ethyl
acetate. Combine the extracts, wash twice with

100 ml portions of water, six times with 50 ml
portions of water, once with brine, and then dry
over sodium sulfate. Remove *th2 solvent by evapor-

ation to afford the title compound having Mass
spectra: Mt = 249.

PREPARATION B

Utilize the procedure described in paragraph A of
Preparation A and the appropriate amino acid, to
produce the following intermediates:

N-Allyloxycarbonyl-S-Methyl-D-cysteine;
N-Allyloxycarbonyl—g:alanine;
N-Allyloxycarbonyl-D-serine;
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N-Allyloxycarbonyl-D-homoserine;
N-Allyloxycarbonyl-D-histidine;
bis,N,N-Allyloxycarbonyl-D-lysine;
N-Allyloxycarbonyl-D~tyrosine;
N-Allyloxycarbonyl-D-phenylalanine;
N-Allyloxycarbonyl-D-tryptophan;

PREPARATION C

Convert the protected amino acids of Preparation B
to the corresponding thicacids using the procedure
of paragraph B of Preparation A to afford the

following:

N-allyloxycarbonyl-D-2-amino-3-methylthio-
thiolpropionic acid;

N-allyloxycarbonyl-D-2-amino-thiolpropionic
acid: »

N-allyloxycarbonyl-D-2-amino-3-hydroxy-

thiol-propionic acid;

N-allyloxycarbonyl-D - 2-amino-4-hydroxy-
thiolbutyric acid;

N—allyloxycarbonyljg—z-amino—3—(4—imidazole)

thiolpropionic acid;

bis-N,N-allyloxycarbonyl-D-2, 6~diaminothiol~

caproic acid;
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N-allyloxycarbonyl-D-2-amino-3-p-hydroxy-

phenylthiolpropionic acid;

N-allyloxycarbonyl-D-2-amino-3-phenylthiol-
propionic acid; and

N-allyloxycarbonyl-D-2-amino~-3-indolethiol~

propionic acid.

PREPARATION D

N-Allyloxycarbonyl-D-glutamic acid z-allyl ester

Stir a solution of D-glutamic acid (6.0 g) in water

{30 ml) and ethanol {10 ml) with copper carbonate
(3.6 g) for 1 hour. To this mixture then add
potassium bicarbonate (5.28 g} and allyl bromide
{4.5 ml) and stir the mixture overnight at room
temperature. Bubble excess hydrogen sulfide
through the mixture, then filter and stir the
fiitrate vigorously with potassium bicarbonate
5.8 g) and allyl chloroformate (5.4 ml) for 1
hour. Wash the mixture with ethyl ether and aci-
dify the aqueous phase with dilute mineral acid
and extract with ethyl acetate. Dry the extract
and evaporate. Purify the residual oil by chro-
matography on silica gel (100 g). Elute with
chloroform: methanol:ammonia (7:1:0.2) to afford
the title compound having

(e]

[a]D26 = +3.2 (c. = 4.8, chloroform)
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N-Allyloxycarbonyl-D-glutamic a-thiolacid ¥-allyl

ester
The protected glutamic acid of paragraph A is con-

verted to the title compound using the procedure of

paragraph B of Preparation A.

PREPARATION E

N-Allyloxycarbonyl-L-glutamic acid a-allyl ester

Cool a solution of L-glutamic acid (6.58 g) in
tetrahydrofuran (80 ml) and water (80 ml) con-
taining sodium bicarbonate (11.36 g) to 4° ¢ and
stir while adding allyloxycarbonyl chloride (4.25
ml) dropwise during 45 minutes. Stir the mixture
overnight at room temperature and then dilute with
ethylacetate (100 ml). Separate the agueous phase,
acidify with mineral acid and extract with ethyl-
acetate. Wash the extract with brine, dry and
evaporate to give N-allyloxycarbonyl-L-glutamic
acid, 8.9 g.

Treat a solution of N-allyloxycarbonyl-L-glutamic
acid from Step A (8.8 g) in DMF (8 ml) and tri-
ethylamine (5.28 ml) with allyl bromide (3.3 ml).
Stir the mixture overnight at room temperature and
then dilute with water (150 ml) containing 10%
sodium bicarbonate (40 ml). Wash the mixture with
ether (2 x 100 ml), separate the aqueous layer,
acidify with mineral acid and extract with ether.
Wash the latter ether extract with brine, dry and
evaporate to dryness to afford the title compound,

4.4 g, lalp26_,4 3% - 27.7, CHCL,]
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PREPARATION F

Apply the reaction sequence described in Prepara-
tion E to D~glutamic acid, L~ and D~ aspartic acid

and DL-a-amino adipic acid and obtain:

N-allyloxycarbonyl-D-glutamic acid ag-allyl ester
N-allyloxycarbonyl-L-aspartic acid a-allyl ester
N-allyloxycarbonyl-D-aspartic ac¢id a-allyl ester
N-allyloxycarbonyl-DL-a-aminoadipic acid a-allyl
ester

PREPARATION G

N-Allyloxycarbonyl D-glutamic ¥ -Thiolacid a-allyl

ester

Cocl a solution of N-allyloxycarbonyl-D-glutamic
acid a-allyl ester (2.7 g) and pyridine (0.8 g)

in tetrahydrofuran (30 ml) to -10° c and stir

while adding isobutylchloroformate (1.37 g) drop-
wise. Stir the mixture at -10° for 20 minutes and
then bubble hydrogen sulfide gas therethrough for
20 minutes. Allow the mixture to warm up to room
temperature and then dilute with water/10% scdium
bicarbonate/ether. Separate the agqueous layer, aci-

dify with mineral acid and extract with ethyl ace-
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tate. Wash the latter extract with brine, dry and

evaporate tc afford the title compound.

PREPARATION H

Convert the protected amino acids described in
Preparation E and F to the following thiolacids,

using the procedure of preparation G:

N-allyloxycarbonyl-L-glutamic »*-thiolacid a-allyl

ester

N-allyloxycarbonyl-L-aspartic #-thiolacid a-allyl
ester

N—allyloxycarbonyl;D—aspartﬁ:ﬁ—thio1acid a-allyl
ester

N-allyloxycarbonyl-DL-a-aminoadipic $-thiolacid
a-allyl ester.

PREPARATION I

N-allyloxycarbonyl-isonipecotic acid

To a stirred solution of isonipecotic acid (5.0 g)
in 4N sodium hydroxide (9.7 ml) and water (6 ml)
add dropwise allylchloroformate (6.0 ml) and 4N
sodium hydroxide (16 ml). Stir the reaction mix-
ture for 1 hour and wash it with ether (50 ml).
Acidify the aqueous phase with IN hydrochloric
acid and extract with ethyl acetate. Wash the
organic layers with water, dry and evaporate to

afford the title compound. M.S.: m/e 213 (M+)
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PREPARATION J

N-allyloxycarbonyl nipecotic acid

A solution of nipecotic acid (5.0 g} in 4N sodium
hydroxide (9.7 ml) and water (6 ml) was stirred
while adding dropwise and simultaneously allyl-
chloroformate (6.0 ml) and 4N sodium hydroxide

(16 ml). The reaction mixture was then stirred for
1 hour and washed with ether (50 ml). The agueous
phase was acidified with 1N hydrochloric acid and
extracted with ethyl acetate. The organic layers
were then washed with water, dried and evaporated
to afford the title compound.

M.S.: m/e 213 (M+)

PREPARATION K

Repeat the procedure described above and obtain
the following N-protected acids from the corres-

ponding unprotected acids:

N-Allyloxycarbonyl Pipecolinic Acid
N-Allyloxycarbonyl D-Proline



10

15

20

25

NMR: & 1.42 (4,J

0109044

- 40 -

PREPARATION L

(35,4R,5R}) -4~acetoxy-3- (1l-trichloroethoxycarbonyl~

oxyethyl)azetidin—~2-one

To a solution of mercuric acetate (73.35 g) in
glacial acetic acid (500 ml) at 80°C add in small
lots methyl (5R,6S,8R)-6-(l-trichloroethoxycarbonyl-
oxyethyl)penicillinate (50 g). After 2 hours,
filter the mixture, dilute with two litres ethyl
acetate, wash successively with water, 10% sodium
bicarbonate solution, and brine and then dry and
evaporate. Dissolve the resulting (3S,4R,5R)-1-

[ (2-methyl-1-methoxycarbonyl)prop-l-ethyll-3-(1-
trichloroethoxycarbonyloxyethyl)-4—-acetoxyazetidin-
2-one in acetone (860 ml) and water (70 ml). Stir
the solution and cool in an ice bath while adding
potassium permanganate (23 g). After 1/2 hour
dilute the solution with ethylacetate (50C ml),
filter through celite, concentrate to 300 ml),
dilute with an equal volume of ethylacetate and
wash several times with water. Dry the organic
layer and evaporate to afford the title compound

having the following spectra:

6 cps); 1.55 (4,3 = 6 cps);
3.4 (dd,3 = 2.8 cps); 4.76 (s), 5.86 (4,
J = 1.5 cps); 5.90 (d,3 = 3.0 cps).
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PREPARATION M

(3R,4S,5R) -silver-3-(l'-trichloroethoxycarbonyl-

oxy-1l'—ethyl)-1-(allyl-2"-triphenylphosphoranyl-

idene-2"~acetate)~-2~azetidinone-4-thiolate

Stir overnight a solution of the title compound of
Preparation L (50 g) in acetonitrile (750 ml) with
potassium carbonate (39.6 g) and triphenylmercap-

tan (59.8 g) under argon. Filter the mixture and

evaporate the filtrate to dryness. Chromatograph

the resulting crude product on silica gel (540 g).
Elute_with 10% ethylacetate:hexane to obtain (38,

4R,5R)-3-(1l'~-trichloroethoxycarbonyloxyethyl)-4-

tritylthio-azetidin-2-one.

Treat the product from Step A (55.9 g) in methyl-
ene chloride (600 ml) with allyl-glyoxylate-allyl-
hemiacetal (17 g) and triethylamine (1.0 g). After
stirring for 1 hour, cool the solutioa in an ice
bath and add mesyl bromide (62.96 g) in one lot

and then add dropwise a solution of triethylamine
840G g) in methylene chloride (90 ml) while main-
taining the reaction temperature below 2°C. After 1
hour filter the reaction mixture through silica gel
(300 g) eluting with 5% ethylacetate:methylene
chloride; collect the eluates and evaporate. Dis-
solve the resulting bromo intermediate in dimethyl-
formamide 300 ml). Add triphenylphosphine (30 g).
Stir the reaction mixture for 15 hours at room
temperature under an argon blanket. Dilute the
solution with ethylacetate (500 ml), wash with

10% agueous sodium bicarbonate, then with brine,
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dry over sodium sulfate and evaporate under re-
duced pressure. Chromatograph the resulting crude
production on silica gel (1.5 kg). Elute with 20%
ethylacetate:shexane to afford (3S,4R,5R}-3-(1l'-tri-
chloroethoxycarbonyloxyethyl)-1-(allyl-2"-tri-
phenylphosphoranylidene-2"-acetate)-4-tritylthio-

2-azetidinone.

Add to a mixture of 5.73 g (35,4R,5R)-3-(1l'-tri-
chloroethoxycarbonyloxyethyl)-1- (allyl-2"-tri-
phenylphosphoranylidene-2"~acetate)-4-tritylthio-
2-azetidinone in 57 ml methanol sufficient methyl-
ene chloride to cause solution. Cool the soclution

to 0°C and add 0.92 ml pyridine, followed dropwise,

over a 10 minute period, by a solution of 1.73 ¢
silver nitrate in 8 ml water. After five minutes,
pour the reaction mixture over 100 ml ice water.
Separate the'mé£ﬁ§léﬁe chloridé”la§ér and extract
the remaining water layer twice with 50 ml por-
tions of ethyl acetate. Combine the methylene '
chloride layer and ethyl acetate layers, wash five
times with 100 ml portions of cold water and then

evaporate to give the title compound.

PREPARATION N

(4R,3S,5R,4'R) -3~ (1-trichloroethoxycarbonyloxy—

ethyl)-4-(N-allyloxycarbonyl-4'-amino-4'-allyl-

oxycarbonylbutyroyl)-thio-1-[2"-(allyl~2"-tri-

phenylphosphoranyl-acetate)]~azetidin—-2-one

Method A:
Add isobutylchloroformate (0.15 ml) dropwise to a

solution of N-allyloxycarbonyl-D-glutamic acid
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a—-allyl ester (0.32 g) and pyridine (0.1 ml) in
dry tetrahydrofuran (3 ml) at -20° Cc. After 15
minutes, add z solution of the title compound of
Preparation M (0.8 g) in tetrahydrofuran (8 ml) to
the reaction mixture which then stir at -20° ¢ for
1 hour and then warm to room temperature. Dilute
the mixture with ethyl acetate, filter, wash with
5% sodium bicarbonate, dry and evaporate. Chro-
matograph the crude reaction product on silica gel
(20 g). Elute with 40% ethyl acetate/benzene to
afford the title compound, 0.27 g, [d]D26=+2.7o
(c=0.8, CHCl,),

Method_gr

Tc a solution of N-allyloxycarbonyl-D-glutamic
thiolacid q-allyl ester (2.8 g) and sodium bicar-
bonate (0.84 g) in water (15 ml) and tetrahydro-
furan (15 ml) add (3S,4R,5R)-4-acetoxy-3-(l-tri-
chloroethoxycarbonyloxyethyl-azetidin-2-one (3.2
g), stir the mixture overnight; dilute with water
ané extract with ethyl acetate to afford (3S,4R,5R)
-4~-(N-allyloxycarbonyl-D-glutamyl o-allyl ester)
thio-3-(l-trichloroethoxycarbonyloxyethyl)-aze-
tidin-2-one. Treat a solution of the latter product
in methylene chloride (50 ml) with allylglyoxy-
late (1.3 g) and triethylamine (0.01 ml). After
30 minutes, cool the mixture to -10° C, add mesyl
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bromide (2.4 g) in one lot followed dropwise by
a solution of triethylamine (1.5 g) in methylene
chloride (10 ml) while maintaining the temperature
below 5° C. After 30 minutes treat the reaction
mixture with triphenylphosphine (4.0 g) in di-
methylformamide (30 ml) , then concentrate the
solution to about 30 ml and allow it to stand

at room temperature overnight. Dilute the re-
action mixture with water, isolate the crude
product by extraction with ethyl acetate and
purify by chromatography on silica gel as des-
cribed in Method A, to afford the title compound.

Using the appropriate protected amino acid/thiol-
acid of Preparation .H and following the procedures
described in Method A or Method B, obtain the

following compounds:

(4R,3s8,5R,4'S) 3-(l-trichlorcethoxycarbonyloxy-
ethyl)-4-(N-allyloxycarbonyl 4'-amino-4‘'-allyl-
oxycarbonylbutyroyl)thio-1-[2"-(allyl-2"-tri-

phenylphosphoranyl acetate)l-azetidin-2-one:
[a1,26%=+25.6° (c=4.7, CHCl3)
(4R,35,5R,3'R)} 3-(l-trichloroethoxycarbonyloxy~
ethyl)-4-(N-allyloxy carbonyl 3'-amino-3‘'-allyl-
oxycarbonyl propionyl)-thio-1-[2"-(allyl 2v-

triphenylphosphoranyl acetate)]- azetidin-2-one:

[al_26°=+9.5° (c=0.3, cHC1l3)
D 3
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(4R,35,5R,3"'R)-3- (1-trichloroethoxycarbonyloxy=
ethyl)~-4-(N-allyloxycarbonyl~3'-amino-3'-allyl-
oxycarbonylpropionyl)-thio-1-[2"~(allyl-2"-tri-
phenyl~phosphoranyl-acetate)]-azetidin-2-one:
26 _

o —
[on]D = +36.8° (c.=0.3, CHC13)

(4R,38,5R,5'RS) -3~ (1-trichloroethoxycarbonyloxy-
ethyl)-4- (N-allyloxycarbonyl-5'-amino-5'-allyl-
oxyvcarbonylvaleryl)—~thio-1-[2"-(allyl-2"-tri-
phenylphosphoranyl-acetate)]-azetidin-2-one.

PREPARATION O

(4R,35,5R) -3~ (1l-trichloroethoxycarbonyloxyethyl)-4-

(N-allyloxycarbonyl-isonipecotinyl)thio~1-[2"~-(allyl-~
2"-triphenylphosphoranyl—-acetate)-azetidin-2-one '

Cool to -2N0°C a solution of N-allyloxycarbonyl
isonipecotic acid (1.68 g) in dry tetrahydrofuran
{17 ml) containing pyridine (1.27 ml) and whilst
stirring add dropwise a solution of methylchloro-
formate (0.61 ml) in tetrahydrofuran (3 ml) during
7 minutes. Stir the mixture for 20 minutes. Add to
the reaction mixture over a period of 15 minutes
5.5 g of a solution of (3S,4R,5R)-silver-3-(1'-
trichloroethoxycarbonyloxyethyl)-1-(allyl-2"—-tri-~
phenylphosphoranylidene-2"-acetate)-2~azetidinone-
4-thiolate in tetrahydrofuran (20 ml). Stir the
mixture at -15°C for 1 hour and then at room

temperature for 45 minutes; dilute the reaction
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mixture with 150 ml ethyl acetate and filter.
Wash the filtrate with brine, dry and evaporate.
Chromatograph the crude product on silica gel

(45 g). Elute with 50% ethyl acetate - hexane to

obtain the title compound.

[a]D + 17.8° (c=0.2, chloroform)

PREPARATION P

{(4R,35,5R)-3-(l-trichloroethoxycarbonyloxyethyl)-4-
(N-allyloxycarbonyl-nipecotinyl) thio-1-[2"-(allyl-

2"-triphenylphosphoranyl-acetate) ]-azetidin—-2-one

A solution of N-allyoxycarbonyl nipecotic acid
(1.68 g) in dry tetrahydrofuran (17 ml) containing
pyridine (1.27 ml) was cooled to -20°C and stirred
while adding dropwise a solution of methylchloro-
formate (0.61 ml) in tetrahydrofuran (3 ml} during
7 minutes. The mixture was stirred for 20 minutes.
A solution of (35, 4R,5R)-silver-3-(1'-trichloro-
ethoxycarbonyloxyethyl)-1-(allyl-2"-triphenyl-
phosphoranylidene-2"-acetate)-2-azetidinone-4-
thiolate (5.5 g) in tetrahydrofuran (20 ml) was
then added dropwise to the reaction mixture during
15 minutes. The mixture was stirred at -15°C for

1 hour and at room temperature for 45 minutes, then
diluted with 150 ml ethyl acetate and filtered- The

filtrate was washed with brine, dried and evaporated.

The crude product was chromatographed on silica gel
(45 g). Elution with 50% ethyl acetate - hexane gave
the title compound. M.S.: m/e 874 (M+)
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EXAWPLE 1

(3S,4R,5R,2'R)-3-(1-trichloroethoxycarbonyloxy-
ethyl)-4-[2'~-allyloxycarbonylamino-4'-methylthio-

butyroyl)thio]l-2-azetidinone

Dissolve N-allyloxycarbonyl-B-2-amino-4-methyl-
thio-thiobutyric acid (prepared as described in
Preparation A) in 20 ml water and 3.6 g sodium
bicarbonate. To this solution add 13.4 g of
4-acetoxy-3-(1-trichloroethoxycarbonyloxyethyl)
azeditidin-2-one (prepared as described in Prepa-
ration L of this specification) dissolved in

100 ml portions of ethyl acetate. Stir the solu-
tion for 16 hours then extract with 100 ml
portions of ethyl acetate. Combine the extracts,
wash three time with 100 ml1 portions of water
and dry over sodium sulfate. Evaporate the sol-
vetns to afford a residue which is purified by
chromatography on 300 g silica gel to afford the
title compound having

[al j26 = +76.2° (c. = 0.6 CHCl3);

Mass spectra, ut = 538:; and

NMR: &= 1.45 (4,3 = 7 cps); 2.08; 2.5 (m), 3.38
(dd,3 = 2,7 cps); 5.25 (4, J = 2 cps).
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(35,4R,5R,2'R)-1-(1"-allyloxycarbonyl-1"-hydroxy-

methyl)-3-(l-trichloroethoxycarbonyloxyethyl)-4-

[(2'-allyloxycarbonylamino-4'-methylthiobutyroyl)

thiol -2-azetidinone

Add to a solution of 20 g of (3S,4R,5R,2'R)-3-
{(1-trichloroethoxycarbonyloxyethyl)-4-[2'-allyl-
oxycarbonyl-amino-4'methylthiobutyroyl)thio]-2-
azetidinone and 5.39 g 2-allyloxy-2-hydroxyacetic
acid allyl ester in 100 ml methylene chloride a
mixture of 1 ml of methylene chloride and 0.0513
ml triethylamine. Stir the resulting solution for
fifteen minutes, whereupon thin layer chromato-

graphy indicates formation of the title product.

"methyl)=-3-(1-trichlorcethoxycarbonyloxyethyl) —-4-

[2'-allyloxycarbonylamino-4'- methylthiobutyroyl)

" thicl2-azetidinone

Cool a solution ¢f (33,1R,5R,2'R)-1-{1"-zllyloxy~
carbonyl-1"-hydroxymethyl)-3-(1-trichloroethoxy-
carbonyloxyethyl)-4-[2'-allyloxycarbonylamino-4"'-

methylthiobutyroyl)thicl-2-azetidinone in methylene

chloride to about -10° C. Add thereto 5.9 g mesyl
bromide in one portion with stirring. Then add a
solution of 5.13 ml triethylamine in 10 ml me-
thylene chloride dropwise over a period of about
ten minutes. Chromatograph the reaction mixture on
silica gel using 5:95 ethylacetate:methylene
chloride to afford the title product.
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Allyl-(3S,4R,5R,2'R)-3~(l-trichloroethoxycarbonyl-

oxyethyl) -4-[2"'~allyloxycarbonylamino-4 'methyl-

thiobutyroyl) -thiol -2- azetidinon-1l-yl-2"-tri-
phenylphosphoranyl-2"-acetate

To a solution of (3S,4R,5R,2'R)-1-(1"-allyloxy-
carbonyl-1"-bromomethyl)-3-(l-trichloroethoxy-
carbonyloxyethyl)-4-[2'-allyloxycarbonylamino~-4"'-
methylthiobutyroyl)thio]l-2~azetidinone in 100 ml
dimethylformamide under a nitrogen atmosphere add
14.5 g triphenylphosphine. Stir the solution until
homogenecus, then allow it to stand at room tem-—
peraturefor about 19 hours. Dilute the reaction
mixture with 100 ml water and extract twice with
200 ml portions of ethyl acetate. Combine the ex-
tracts, wash six times with 50 ml portions of
water and then once with brine. Evaporate the
solvents to afford a'residue which then chromato-
graph on 200 g silica gel, using 10:90 ethyl
acetate::methylene chloride as eluant, to give the

title compound as a colorless sclid having

[al, 26 = +22,6° (c. = 0.3, CHCl,); and
NMR: &=4.22 (dd,J = 2,8 cps); 5.61 (d,J = 2 cps).

Allyl-(5R,6S5,8R,1'R)~-6-(l-trichloroethoxycarbonyl-

oxyethyl)=-2-[N-allyloxycarbonyl-(1l'~amino=3"'-

methylthio) -propyl]-2-penem-3~-carboxylate

Reflux a solution of 16 g of allyl-(35,4R,5R,2'R)
-3-(1l-trichloroethoxycarbonyloxyethyl)-4-[(2'allyl-~
oxycarbonyl—~amino-4'-methylthicbutyroyl)thiol-2-
azetidinone~l-yl-2"-triphenylphosphoranyl-2"-
acetate in 1.8 liters benzene under a nitrogen at-

mosphere for 34 hours. Then remove the solvent by
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evaporation and apply the residue as a benzene
solution to a 150 g silica gel column. Chromato-
graph using 20:80 ethyl acetate:petroleum ether
(30-600) as eluant to afford the title compound

having

[al,26 = +84.1° (c. = 0.3, CHC1,) 3
NMR: =1.54 (4,J = 7cps),2.15 (s); 2.59 (m);
5 3.97 (dd,J = 1.5, 7 cps); 4.85 (s);
5.67 (d,J = 1.5 cps).

Allyl=(5R,6S,8R,1'R)—6—(l-hydroxyethyl)—-2-[N-allyl-

" oxycarbonyl=- (1l'-amino—=3'-methylthic) propyll-2-

penem—3—carboxylate

Cool a solution of allyl-(5R,6S,8R,1'R})-6~(-tri-
chloroethoxycarbonyloxyethyl)-2-[N-allyloxycarbonyl-
(L'-amino~3'-methyithio)propyt]l-2-penem-3-carboxyl-
ate in 4 ml tetrahydrofuran to -15°to 20° C. Then
add 1.2 ml glacial acetic acid and 1.2 ml water,
followed by 0.4 g zinc in portions over a 3-1/2

hour periocd. When the reaction proceeds no further,
add 20 ml ethyl acetate and filter the mixture.

Wash the zinc residue threé'times with 20 ml por-
tions of ethyl acetaté. Add these washings to the
filtrate and wash the solution successively with

two 50 ml portions of brine, one 75 ml portién of 10%
NaHCO3 and two 50 ml portions of brine. After drying
over anhydrous sodium sulfate, remove the solvents

and chromatograph the residue on 7.6 g silica gel.



10

15

20

25

0109044

- 51 -

Elute first with 15:85 hexane/chloroform and then

chloroform to afford the title product as a white

solid having

[a] 26 = +7l'90i (c. =0.3, CHCl,);

Mass spectra: M = 442;

NMR: 6 = 1.34 (4,3 = 7 cps); 2.13 (s); 2.56 (m);
3.73 (84,3 = 1.5, 7 ¢ps); 5.57 (d,J = 1.5 cps).

G. (5R,6S,8R,1'R)=-6-(l-hydroxyethyl)-2-[(l'-amino=-3"'~
thiomethyl) propyl] —-2-penem-3-carboxylic acid

To a solution of 0.19 g of allyl-(5R,65,8R,1'R)~6~-
(1-hydroxyethyl)-2~[N~allyloxycarbonyl-(1'-amino-
3'-methylthio) -propyll-2-penem-3~carboxylate in
1.9 ml ethyl acetate under nitrogen at room tem-
perature, add 0.12 g triphenylphosphine, 0.072 g
tetrakis (triphenylphosphine) palladium-(0) and
0.94 ml of 1.0 M 2-ethylhexanoic acid (in methylene
chloride). After stirring one hour remove the
solvent and dilute the residue with 10 ml

water and 10 ml chloroform. Separate the agueous
layer, wash ten times with chloroform. Remove the

residual chloroform to give the title product having

[a1,26 =+57.57, (c. = 0.3, H,0);
IR: 5.65 4 ;
NMR: 6 = 1.3 (4,J = 7 cps); 2.13 (s); 2.68 (m);
3.97 (dd,J = 1.5, 7 cps); 5.76 (4,3 =
1.5 cps).
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EXAMPLE 1, A.

Allyl-(3S,4R,5R,2'R) -3=(l-trichloroethoxycarbonyl-
oxyethyl)-4-[2'-allyloxycarbonylamino-4'-methyl=
thiobutyroylthic]—2~azetidin-1-y1-2"—triphenyl-

phosphoranyl-=2"~acetate

To a solution of N-allyloxycarbonyl-D-methionine
in 9 ml of freshly distilled tetrahydrofuran
cooled to about -15° C and maintained under a .
nitrogen atmosphere add 0.64 ml pyridine and 0.31
ml methyl chloroformate in 0.5 ml tetrahydrofuran.
To the resultant N-allyloxycarbonyl-D-methionine
mixed anhydride add dropwise over a ten minute
period 2.08 ml of the (35,4R,5R)-silver-3-(1'-
trichloroethoxycarbonyloxyethyl)-1-(allyl-2"-tri-
phenylphosphoranylidine-2"~acetate)-2-azetidinone
-4-thiolate. Stir the mixture for 1-1/4 hous ac
—15o to —100 C, filter and then dilute with 100 ml
ethyl acetate. Wash the mixture twice with 10%
NaHCO3, four times with 100 ml portions of water
and dry over anhydrous sodium sulfate. Remove the
solvents by evaporation to give a residue which is
then chromatographed on 40 g silica gel. Elute with
30:70 ethyl acetate:hexane to afford the title

compound as a white, puffy solid.

- *(5R, 6S,8R,1'R)—6- (l~hydroxyethyl) =2—[1'-amino-
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Repeat the procedures detailed in Paragraphs E to

G of MethodrA of Example 1 to afford the title

compound.

EXAMPLES 2 - 4

Repeat the procedures of Example 1 using appropriate

starting materials to obtain the following compounds:

2. (5R,6S,8R,1'R)-6-(l-hydroxyethyl)~-2-(l'-amino~
ethyl)-2-penem-3-carboxylic acid

[al 26 = +61.1° (c. = 2.8, H,0);

IR: 5.6%/1 7 NMR: S= 1.27 (4,7 = 6 cps);
1.52 (4,3 = 7 cps); 3.92 (44,3 = 1.6,6 cps);
5.67 (4,0 = 1.6 cps).

3. (5R,65,8R,1'R)-6—(1l-hydroxyethyl)~2[ (1'amino

=3-carboxy)propyll -2-penem-3-carboxylic acid

IR: 5.64/a ’ 6.%/a R
[a]D = +67.5° (c = 1.6, HZO);
NMR: 6=1.27 (d,J = 7 cps); 3.92 (44,3 = 7,
1.9 cps);5.71 (4,3 = 1.9 cps).

4. (5R,6S,8R,1'R)=-6=(1l-hydroxyethyl)=-2-[(1‘'~amino-2"'-
" methylthio) ethyl]~-2-penem-3-carboxylic acid

IR: 5.6§/a :
[al, = +7.2° (c = 0.25, H,0) ;
NMR =1.35 (d,J = 6.5 cps); 2.2 (s); 3.1

(d,3 = 7 cps); 4.0 (43,7 = 5, 1.8 cps);
5.8 (4,7 = 1.8 cps);



10

15

20

e 0109044

EXAMPLE 5

(5R,6S,8R,1'R) -6~ (l-hydroxyethyl) -2-[N-acetimidoyl-

(l'-amino-3'—methylthic)propyl] -2-penem-3-carboxy-

late, sodium salt

Treat a solution of (5R,6S,8R,1'R)-6-(1l-hydroxy-
ethyl)-2-[(1'-amino-3'-methylthio) propyl]-2-penem
-3-carboxylic acid (0.3 g) in 0.5 M sodium 2-ethyl-
hexanoate solution in water (2 ml) with ethylaceti-
midate (0.5 g) at 20 c. stir the solution for 30
minutes and then chromatograph on Dowex 50 x 4,
elute with water and lyophilize the fractions con-
taining the title compound to give the title
compound having: IR: 5.684¢ .

EXAMPLE 6

(5R,65,8R,1"'R)-6-(1l'hydroxyethyl) -2-[1"'~guanidoyl
y g

-3 '-methylthio) propyll-2-penem-3-carboxylate,

" sodium salt

Treat a solution of the title compound from Example
1 (0.3 g) in aqueous 0.5 M sodium 2-ethylhexanoate
(4 ﬁl) with S-benzyl thiourea hydrochloride (0.3 g)
for 1 hour. Isolate the title compound by reverse

phase HPLC . IR: 5.6§/u. .
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Utilizing suitable starting materials and substanti-
ally repeating the procedures described above pro-
duce compounds of formula A:
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EXAMPLE 7

{5R,6S5,8R,3'R) allyl-6-(l-trichloroethoxycarbonyl-

oxyethyl)~-2-{(N-allyloxycarbonyl 3'-amino-3'allyl-~

oxycarbonyl-propyl-2-penem-3-carboxylate

Reflux a solution of the title compound of Pre-
paration I (0.26 g) in toluene (25 ml) for 3 hours
under nitrogen. Evaporate the solution under re-
duced pressure and chromatograph the residue on
silica gel (3 g). Elute the title compound (0.141
g) with ethyl acetate:hexane (2:6).

[a]D26=+76.9° (c=2.6, CHCl,)
M.S.: m/e 654 (M+)

NMR: §=1.47 (4, 3H, J=6.6 cps), 1.64-2.42
(m, 2H), 3.87 (44, 1lH, J=2.4, ? cps),
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5.57 (4, 1H, J=2.4 cps).

(5R,6S5,8R,3'R}) allyl 6-(l-hydroxyethyl)-2-{(N-allyl-
oxycarbonyl 3'-amino-3'-allyloxycarbonyl)propyl-2-
penem-3-carboxylate

Stir a solution of the title compouné of step A of
this Example (0.167 g) in tetrahydrofuran:water:
acetic acid (2:0.5:0.5 ml) with zinc dust (0.2 g)
until thin layer chromatography shows the reaction
is complete. Dilute the mixture with ethyl acétate
(30 ml), filter and wash the filtrate in succession
with brine, agueous scdium bicarbonate and brine,
then dry over sodium sulfate and eveporate under
reduced pressure.Chromatograph the residue on
silica gel (5 g). Elute with 5% acetone~chloroform

to afford the title compound, 0.14 g, m.p. 67-

68°-

[alp26=+72.3° (c.=3.25, CHCl,);

IR: 5.62/a;

M.S.: m/e 48C (M+):

NMR: 6 =1.21 (4, 3H, J=6 cps), 3.61 (dd, 1H,
J=6, 2cps), 5.47 (4, 1H, J=2 cps).
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C. (5R,6S8,8R,3'R) 6-(l-hydroxyethyl)-2-(3'-amino

=3 '—carboxy) propyl-2-penem-3~carboxylic acid

monosodium salt

Add triphenyl phosphine (0.04 g) and tetrakis pal-
5 ladium triphenylphosphine (0.06 g) to a solution
of the title cumpound of Step B (80 mg) in a
mixture of 2.4 ml of 1M pyridinium formate and 0.24
ml 1 M pyridine in methylene chloride under nitro-
gen. Stir the mixture for one hour and centrifuge.
10 Wash the solid several times by resuspending and
centrifuging, with methylene chloride/ethyl acetate.
Then suspend the solid in 0.5 M sodium 2-ethyl
hexancate in ethyl acetate for 10 minutes and
centrifuge and wash by centrifugation with ethyl
15 Acetate and ether to afford the title compound ,
34 mg.

[a]D26=+105.8° (c=4.3, water);

IR: 5.6%/A;

NMR: § =1.27 (d, 3H, J=6 cps), 3.83 (dd,
1H, J=8, 2 cps), 5.61 (d, lH, J=2

cps) .

20
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EXAMPLE 8

Repeat the procedure of Example 7 but using as

starting material:

a) (4R,35,5R,4'S)3-(1l-trichloroethoxycarbonyloxy-
ethyl)-4-(N-allyloxycarbonyl-4'-amino-4'-allyloxy
carbonylbutyroyl)thio=-1-[2"-allyl-2"triphenyl-

phosphoranyl acetate]azetidin-2-one;

b) (4R,35,5R,3'R)3~(l-trichloroethoxycarbonyloxy-
ethyl)-4-(N-allyloxycarbonyl=-3'-amino-3'-allyloxy
carbonyl propionyl)thio-1-[2"-allyl-2"-triphenyl-

phosphoranyl acetatelazetidin—z-one;

c) (4R,3S,5R,3'S) 3-(l-trichloroethoxycarbonyl-
oxyethyl)-4-(N-allyloxycarbonyl 3!-amino-3*-—
allyloxycarbonyl propionyl)thio-1- P"—(allyl

2"-triphenylphosphoranyl acetate)]—azetidin
-2-one
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(4R,3S,5R,5'RS) 3-(trichlorocethoxycarbonyl-
oxyethyl)~4 (N-allyloxycarbonyl 5'-amino-5' allyl-
oxycarbonyl-valeryl)-thio-1-{2"-allyl-2"-

triphenylphosphoranyl acetate]-azetidin-2-one;

5 and obtain respectively:

a)

(5R,65,8R,3'S) 6-(l-hydroxyethyl)=-2-(3'~

amino=-3'-carboxy~-propyl)-2- penem—-3-carboxylic

acid, monosodium salt

10
b)
15
20
c)

[a]D=+llO.9o(c=2.3, water) ;

IR: 5.5Q/¢;

NMR: & =1.25 (4, 3H, j=6 cps), 3.79
(dd, 1H, J=6, 2 cps), 5.53 (4,
1H, J=2 cps);

(5R,6S5,8R,2'R) 6-(l-hydroxyethyl)-2-(2'-amino-

2'~carboxy-ethyl)-2-penem-3~-carboxylic acid,

monosodium salt

© (c=0.36, water);

[a]D26=+124

IR: 5.6%/4;

NMR: % =1.23 (4, 3H, J=6.8 cps), 3.83
(a4, 1H, J=8, 2 cps) 5.58 (4, 1H,

J=2 cps).

(5R,6S,8R,2'S) 6-(l-hydroxyethyl)-2-(2'-amino
-2'-carboxy ethyl)-2-penem-3-~carboxylic acid,

monosodium salt
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[a]D26=+49.3O (c=0.3, water)

NMR: & =1.26 (d, 3H, J=7 cps), 3.88
(ad, 1H, J=6, 2 cps), 5.61 (4,
1H, J=2 cps).

5 d) (5R,6S,8R,4'RS) 6-(l-hydroxyethyl)-2-(4"'-amino
-4 ‘'~carboxybutyl)-2-penem-3-carboxylic acid.
" EXAMPLE 9

- (5R,6S,8R,3'R) 6=(l-hydroxyethyl)-2-(N-acetimidoyl
" 3'=amino-3 '—-carboxypropyl) -2-penem-3-carboxylic

10 " acid, sodium salt

Stir a solution of (5R,6S,8R,3'R) 6-(l—hydroxyethyl)_
—2—(3'—amino-3'-carboxy)propjl—Z—penem—3-carboxylic—
acid sodium salt (0.3g) in water (3 ml) at 10° C.
with sodium bicarbonate (0.09 g) and ethylacetimi-
15 date (C.1 g) for 30 minutes. Lyophylize the solu-
tions and purify the crude product by HPLC on C18

~ silica gel to afford the title compound

IR: 5.68/4_.

" EXAMPLE - 10

20 " (5R,6S,8R,3"'R) 6—(l~hydroxyethyl)—=2=(3'-guanido=-3"

" salt
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A solution of (5R,6S5,8R,3'R) 6-(l-hydroxyethyl)~-
2-(3'amino-3'~carboxy) propyl-2-penem-3-carboxylic
acid, sodium salt from Example 1 (0.1l5 g) in water
(1.5 ml1) at 10° C is stirred with sodium bicarbon-
ate (0.040 g) and S-benzyl thiourea hydrochloride
(0.083g) for 1 hour. The solution is then }yophyl-
ized and the title compound is obtained by chroma-

tographing the crude lyophylized product on C
silica gel.

18
IR: 5.6%/2.

EXAMPLE 11

(5R,6S,8R) -6~ (1l-hydroxyethyl)-2-(4'-piperidinyl) -

2-penem-3-carboxylic acid

Reflux a solution of (4R,3S,5R)-3~-(l-trichloro-
ethoxycarbonyloxyethyl) -4~ (N-allyloxycarbonyl
isonipecotinyl)thio-1~-[2"-(allyl~-2"-triphenyl-
phosphoranyl acetate)]l-azetidin-2-one (1.57 g) in
benzene (160m}l) under nitrogen for 12 days. Evapo-
rate the solution to dryness and chromatograph
the residue on silica gel (30 g). Elute with 30%
ethyl acetate - hexane to obtain allyl (5R,6S,8R)
6- (1-trichloroethoxycarbonyloxyethyl)-2-(4"'-
piperdinyl)-2-penem-3-carboxylate.

[a]D+103.8° {c=0.8, chloroform); M.S. m/e 596;
NMR: 6=1.50 (4,3H,J=6 cps), 3.86 (d4,IH,J=2,7 cps),
" 4.77 (S,2H) 5.55 (d,IH,J=2 cps)
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Dissolve 0.27 g of the product from step A in tetra-
hydrofuran (3 ml) containing glacial acetic acid
(0.85 ml) and water (0.85 ml). Cool the solution
to -15°C and add zinc dust (0.25 g) in small lots
during 2 hours while stirring the mixture vigorously.
After a further 30 minutes filter the mixture,
dilute the filtrate with brine and extract with
ethyl acetate. Wash the extract with 5% aqueous
sodium bicarbonate, then with brine, dry and evapo-
rate under reduced pressure. Chromatograph the
residue on silica gel (2 g). Elute with chloro-
form to obtain allyl (5R,6S,8R)-6-(l-hydroxyethyl)-
2-(4'-piperidinyl)-2-penem-3-carboxylate.

[“]D,+103° {c=2.0, CHCl3); M.S.: m/e 422;
NMR: 6=1.34 (d,3H,J=6 cps), 1.46 (m,4H), 2.26 (m,1H)
3.69 (a44,1H,3=2.7 cps), 5.56 (4,1H,J=2 cps)

Stir under nitrogen 0.06g of a solution of the
product from step B in methyvlene chloride (0.6 ml)
containing tetrakis (triphenylphosphine) palladium
(0.025 g), triphenylphosphine (0.04 g) and 1M 2-
ethylhexanoic acid in methylene chloride (0.32 ml).
A precipitate appears after a few minutes. Stir
mixture for 1 hour and then shake with distilled
water (10 ml). Wash the aqueous layer several
times with chloroform and then lyophylize to afford
the title compound.

[cx]D +96.8° (c=0.23, water); IR 5.65 ;
MR: 6=1.3 (4,3H,J=6 cps), 1.82 (m,4H), 3.83 (44,1H,
J=1.7, 7 cps), 5.61 (4,1H,J=1.7 cps)
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EXAMPLE 12

(5R,6S5,8R,1'RS)~6-(l-hydroxyethyl) -2~ (3'-

piperidinyl)-2-penem-3-carboxylic acid

A solution of (4R,3S,5R)-3-(l-trichloroethoxy-=
carbonyloxyethyl)-4- (N-allyloxycarbonyl nipecotinyl)
thio-1-[2"-(allyl-2"-triphenylphosphoranyl acetate)]-
azetidin-2-one (1.57 g) in benzene (160 ml) was
refluxed under nitrogen for 12 days. The solution
was the then evaporated to dryness and the residue
was chromatographed on silica gel (30 g). Elution
with 30% ethyl acetate - hexane afforded allyl
(5R,65,8R)~6- (1l-trichloroethoxycarbonyloxyethyl) -
2~ (3' -piperidinyl)-2-penem~3-carboxylate.

[a]D+103.7° (c=2.2, chloroform); M.S.: m/e 596
NMR: 6=1.49 (d,J3=6.6 cps), 5.61 (d,J=1.8 cps)

0.27 g of allyl (5R,€S,8F)-6- 1-trichloroethoxy-
carbonyloxyethyl)-2-(3'-piperidinyl)-2-penem-3-
carboxylate was dissolved in tetrahydrofuran (3 ml)
containing glacial acetic acid (0.85 ml) and water
(0.85 ml). The solution was cooled to -15°C and
zinc dust (0.25 g) was added in small lots during

2 hours while the mixture was stirred vigorously.
After a further 30 minutes the mixture was filtered,
the filtrate was diluted with brine and extracted
with ethyl acetate. The extract was then washed

with 5% agqueous sodium bicarbonate, brine, dried

and evaporated under reduced pressure. The residue
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was chromatographed on silica gel (2 g). Elution
with chloroform afforded allyl (5R,6S,8R)-6-(1-

hydroxyethyl)-2-(3'-piperidinyl)-2-penem-3-
carboxylate.

{a] D+125°’ {c=0.8, chloroform}; 1R=5.60, 5.90/1; M.S.: m/e 422
NMR: 6=1.31 (d4,3H,J=6.2 cps), 3.64 (d3,1H,J=6, 1.8 cps)

0.06 g of a solution of allyl (5R,6S,8R)-6-(1-
hydroxyethyl)-2-(3'-piperidinyl)-2-penem-3-carboxy-
late in methylene chloride (0.6 ml}) containing
tetrakis (triphenylphosphine) palladium (0.025 g)
triphenylphosphine (0.04 g) and 1M 2-ethylhexynoic
acid in methylene chloride (0.32 ml) was stirred
under nitrogen. A precipitate appeared after a few
minutes. The mixturé was stirred for 1 hr. and
then shaken with distilled water (10 ml). The
aqueous layer was washed several times with chloro-

form and then lyophylized to afford the titie com-
pound.

m.p. 172-73°C (dec.); IR: 5.65, 6.08-6.65;
NMR: &(A') 1.20 (d,3H,J=  cps), 3.78(dd,1H,
J=1.8, 6.6 cps), 5.58 (4,1H,J=1.8 cps)



* 0109044

- 67 -

EXAMPLE 13

Repeat Preparation O and Example 11 using, as

starting material in the repeat of Preparation

instead of N-allyloxycarbonyl isonipecotic acid,

5 the following:

(a)
(b)

to obtain

(a')
10

(b")

15

N-allyloxycarbonylpipecolinic acid;
N-allyloxycarbonyl D-proline;

respectively

(5R,6S,8R,2'RS) -6~ (1-hydroxyethyl) -2~
2'-piperidinyl)-2-penem-3—-carboxylic
acid IR: 5.63#; _
(5R,65,8R,2'R)-6-{1l-hydroxyethyl)-2-
(2'-pyrrolidinyl)-2-penem-3-carboxylic
acid IR: 5.6%#;

EXAMPLE 14

{5R,65,8R)-6= (hydroxyethyl)-2- (N-acetimidoyl-4'~

piperidinyl)—2—penem—3-carboiylic acid

Treat with ethylacetimidate (0.2 g) a solution of

the title

compound of Example 11 (0.1 g} in water

20. {1 ml) containing sodium bicarbonate (0.09 g).
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Stir the solution for 30 minutes and then chromato-

graph on Dowex 50x4. Elute with water, then lyo-
philize the eluates to obtain the title compound.

IR: 5.6%/L

EXAMPLE 15

(5R,6S,8R)—-6—-(1-hydroxyethyl)-2- (N-amidino-4"'-

piperidinyl)-2-penem-3-carboxylic acid

Stir with S-benzylthiourea hydrochloride (0.2 g),
for one hour, a solution of the title compound
of Example 11 (0.1 g) in water (1 ml) containing
sodium bicarbonate (0.15 g). Isolate the title

compound by reverse phase HPLC

IR: 5.65/:4

Following the procedures of the foregoing Examples
and Intermediate preparations, and utilizing as
intermediate the corresponding azacycloalkyl com-
pounds, the following compounds of formula (XX)

can be made:
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By way of example the following table gives mean mic
values }ag/ml), for various of the compounds described

in the above Examples, obtained from tests against a

variety of gram+ and gram- organisms

Mean MIC '}¢g/ml)
: Compound
E gram + gram -
of Example 1 1.5 0.15
" 2 14.3 0.29
" 3 5.4 1.0
" 4 1.33 0.18
(5R,6S,8R,1'R)-6-
(hydroxyethyl)-2-
[(1'-amino-5'amino)
pentyl]-2-penem
—3- carboxylate 38.6 0.75
Example 7 4.0 2.7
" 8a 17.3 3.4
" 8B 22.4 11.7
' 8C 46.1 11.0
" 11 3.7 0.1
" 12 1.96 0.038
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In the following Examples 16-20, the active ingre-~
dient may be (5R,6S,8R,1'R)=-6-(l-hydroxyethyl)-2-
[(1'-amino-3'-methylthio)propyl]-2-penem-3-carboxy-
lic acid (5R,6S,8R,1'R)~-6~-(1-hydroxyethyl)-2-
[(1'-amino-3'-carboxy)-propyl]-2-penem-3-carboxylic
acid, (5R,6S,8R,3'R)-6-{(l-hydroxyethyl)~2-(3'~amino-
3'-carboxy-propyl) -2-penem-3-carboxylic acid or an

equivalent amount of any of the other compounds of

this invention.

EXAMPLE 16

Capsules

. mg/ mg/
No. Ingredient capsule capsule
1. Active ingredient 250 500
2. Lactose USP 100 50
3. Corn Starch, Food Grade 50 43.5
4. Microcrystalline Cellulosa NF 95 50
5. Magnesium Stearate NF 5 6.5

Total 500 650

Method of Manufacture

Mix Items Nos. 1, 2, 3 and 4 in a suitable mixer
for 10-15 minutes. Add Item No. 5 and mix for 1-3
minutes. Fill the mixture into suitable two-piece
hard gelatin capsules using an encapsulating
machine.
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EXAMPLE 17

Tablets
- mg/ mg/
No. Ingredient tablet tablet
1. Active ingredient 250 500
2. Lactose USP 57 114
3. Corn Starch, Food Grade, as a 10%

paste in Purified Water 20 40
4. Corn Starch, Food Grade i8 39
5. Magnesium Stearate NF 5 7

Total 350 700

Method of Manufacture

Mix Item Nos. 1 and 2 in a suitable mixer for 10-
15 minutes. Granulate the mixture with Item No. 3.
Pass the wet granulation through a coarse screen
(e.g., 1/4") if needed, and dry the wet granuleus.
Mill the dried granules. Combine Item No. 4 and
the dried granules and mix for 10-15 minutes.

Add Item No. 5 and mix for -3 minutes. Compress
the mixture to appropriate size and weight on a
suitable tablet machine.

EXAMPLE 18

Injectable Powder (per vial)

g/vial g/vial

Active Ingredient 0.5 1.0

Add sterile water for injection or bacteriostatic

water for injection for reconstitution.

e s —
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EXAMPLE 19

Injectable Solution

Ingredient mg/ml mg/ml

Active Ingredient 100 500
Methylparaben 1.8 1.8
Propylparaben 0.2 0.2
Sodium Bisulfite 3.2 3.2
Disodium Edetate 0.1 0.1
Sodium Sulfate 2.6 2.6
Water for Injection g.s.ad 1.0ml 1.0 ml

Method of Manufacture

1. Dissolve the parabens in a portion (85% of the .
final volume) of the water for injection at
65-70° C.

2. Cool to 25-35° c. Charge and dissolve the
sodium bisulfite, disodium edetate and sodium

sulfate.

3. Charge and dissolve the active ingredient.

4. Bring the solution to final volume by adding

water for injection.

5. Filter the solution through 0.2%« membrane and
£ill into appropriate containers.

6. Terminally sterilize the units by autoclaving. .
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EXAMPLE 20

Injectable Powder

g/vial
Active Ingredient 1.0
Sodium Citrate 0.05

pH is adjusted to 6.2 using 0.1N citric acid
solution.

Add sterile water for injection or bacteriostatic

water for injection for reconstitution.
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CLAIMS

(Applicable to all Countries other than Austria)

1. A compound having the formula I

/r———N
0 COOH
5 in which R is hydroxyloweralkyl, and
Q
X is (i) (a) —(CHz)n—Cvuva or
COOH

ug.4uuu3

(b) (CHZ)n:T_Z
in which n is 0 to 4,
R
0 is -NR.R, or -N-C~W in which R, and R, are inde-
172 I 1 2
NR2
10 " pendently chosen from hydrogen, loweralkyl, loweralkenyl,

heteroaryl, phenvl, phenyl substituted by one or more
groups chosen from chloro, bromo, fluoro, loweralkyl,

hydroxy, nitro, amino, aminomethyl, mono-loweralkylamino,
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di-loweralkylamino, loweralkoxy, and carboxy, or Rl is
hydrogen and R2 is acyl;
W is chosen from hydrogen, loweralkyl and amino; and

Z is chosen from hydrogen, 4-imidazolyl, 3-indolyl,

phenyl, p-hydroxyphenyl, branched lower alkyl, -COORl,
—NRlR2 or —SRl, wherein Rl and R2 are as defined above;
(cH

2)p \\
NR3
(CHz)r\><;

in which p is 2 to 6,

(i)

r is 0, 1, 2 or 3, NH
R3 is hydrogen, loweralkyl, amidino or R4—g— in which
R4 is hydrogen, or CI—C3 alkyl, and
G is hydrogen, loweralkyl, loweralkoxy, amino, hydroxy,
carkoxy or loweralkylthio;
and the pharmaceutically acceptable salts and

metabolisable esters thereof.

2. A compound according to claim 1, in which R is

l-hydroxyethyl.

-ORl,

or X is
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3. A compound according to claim 1 (i) (a) having the

formula II(a)

o H E IIQ'H2
>""y =~ S (CHz)n-—CmnH IT(a)
A
COOH
/7——N
0 COOH

in which n is as defined in claim 1, and the pharma-
5 ceutically acceptable salts and metabolisable esters

thereof.

4. A compound according to claim 1(i) (b) having the

formula III

OF IS-I Iz-I [ §H2 N
] =~ =
)v l A (CHy) 7 Z
‘ o III
N
O/ COOH
10 in which n is as defined in claim 1 and Z is chosen

from hydrogen, carboxy, hydroxy, loweralkylthio, and
the pharmaceutically acceptable salts and esters

thereof.

{1/
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5. A compound according tc claim 1 (ii) in which

r + p is 4, G is hydrogen or methyl, and Ry is hydrogen,

acetimidoyl or amidino and the pharmaceutically accept-

able salts and metabolised esters thereof.

6. A compound according to claim 3, namely

(5R,65,8R 1'R)-6-(l-hydroxyethyl)-2-(l'-amino-1'-carboxy)

ethyl-2-penem-3-carboxylic acid,

(5R,65,8R,2'R)~6- (1-hydroxyethyl)-2-(2'-amino-2"'~-
carboxy)ethyl-3-penem-3-carboxylic acid,
(5R,65,8R,4'R) -6~ (l-hydroxyethyl)-2-(3'-amino-3'-
carboxy)propyl-2-penem-3-carboxylic acid, and the
pharmaceutically acceptable salts and metabolisable

esters thereof.

7. A compound according to claim 4, namely
(5R,65,8R,1'R})-6-(1-hydroxyethyl)-2-[ (1*~amino-3'-
carboxy)propyll-2-penem-3~-carboxylic acid,
(5r,6S,8R,1'R)-6- (1-hydroxyethyl)=-2-[(l'-amino-3"'-
methylthio)propyl] -2-penem-3-carboxylic acid,
(5R,6S,8R,1'R)-6- (1-hydroxyethyl)-2-[(1'~amino-2"'~
methylthio)ethyl]-2-penem-3-carboxylic acid,
(5R,6S,8R,1'R) -6~ (1-hydroxyethyl)-2-(1',5'-diamino-
pentyl)-2-penem-3-carboxylic acid,
(5R,65,8R,1'R) -6~ (Ll-hydroxyethyl)-2[(1l'-acetimidoyl-

3'-methylithio)propyl]-2-penem-3-carboxylic acid,
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(5R,6S,8R,1'R)~6-(1-hydroxyethyl)-2-[ (1'-guanidoyl-
3'-methylthio)propyl]l -2-penem~3-carboxylic acid
and the pharmaceutically acceptable salts and

metabolisable esters thereof.

8. A compound as defined in claim 1 (ii}, namely
(5R,68,8R)—6—(l—hydroxyethyl)—Z—(4‘—piperidinyl)—é—
penem-3-carboxylic acid,

(5R,65,8R)-6- (1L-hydroxyethyl)-2-(3'-piperidinyl)-2-
penem-3—-carboxylic acid,
(5R,65,8R,2'R) -6~ (1-hydroxyethyl) -2~ (2'-piperidinyl) -
2-penem-3-carboxylic acid,
(5R,6S8,8R,2'RS) -6~ (1-hydroxyethyl)~2-(2'~piperidinyl) -
2-penem-3-carboxylic acid,

(5R,68,86R,2"'R)~6- (1-hydroxyethyl) -2~ (2'-pyrrolidinyl) -
2-penem-3-carboxylic acid,

(5R,6S,8R)-6- (1-hydroxyethyl)-2- (N-acetimidoyl-4"'~-
piperidinyl)-2-penem~3-carboxylic acid,
({5R,6S,8R)~6-(1l-hydroxyethyl) -2~ (N-amidino-4"'-
piperidinyl)-2-penem-3-carboxylic acid,

and the pharmaceutically acceptable salts and esters

thereof.
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9. A pharmaceutical composition comprising a compound
as defined in any one of the preceding claims, in
admixture with a pharmaceutically acceptable carrier

or excipient.
10. A process for the preparation of a compound of
formula I as defined in claim 1, said process being

characterized by:

A)}. intramolecular cyclisation of a compound of

formula IV

H
- f
R—— > S\c/x
1]
RlO Iv

in which R is as defined in claim 1, Rl is oxygen or
Q

sulphur, Pg is a carboxy protecting group, X! represents

NRiRY,
a) ‘GCHZ)n'—CMH

CooPg™
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b) NR!R

2

m(cu

—t

nn

2)n+]"- z

x

in which Ri and Ré represent respectively Rl and R2 as
defined above except that they cannot simultaneously
represent hydrogen or Ri corresponds to Rl as defined

above and Ré is an amino protecting group, Pg"' is a
carboxy protecting group and any functional group in 2

is protected of necessary or desired; or

CH,)
¢ 2P T——_Nry

)<G
CHy),

in which Ré is loweralkyl or an amino protecting group
and any functional group in G is protected if necessary
or desired, any other functional groups are protected
if necessary or desired and Y is a phosphonio group
being double bonded to the adjacent carbon atom or a
phosphonato group with a single bond to the adjacent
carbon atom the negative charge of which is compensated

by the presence of a cation; or
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B). reacting a compound of formula IV'

t
R 2 S\9/X
RlO Iv

in which R, X! Ryq and Pg are as defined above, with

a trivalent erganophosphorus coﬁpound:

followed by removal of any protecting groups before or
after any necessary or desired separation of stereo-
isomers if a mixture of stereoisomers was subjected to
cyclisation, and if necessary or desired subjecting the

resulting compound to one or “more of the following

operations:

(i) converting a free acid group to a pharma-
ceutically acceptable salt or metaboli-
sable ester group; '

(ii) converting a salt to a pharmaceutically
acceptable metabolisable ester or free
acid;

(iii) introducing the grouping —?-W into an

|
NR2
amine group represented by Q;
(iv) replacing the substituent R! when it re-

3
presents hydrogen by amidine or the group
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(v) separation of a mixture of enantiomers.
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CLATMS

(applicable only to Austria)

1. A process for the preparation of a compound of

formula I

o COOH

in which R is hydroxyloweralkyl, and .

| 9
X is (i) (a) -(CHz)n_C“““”H- : or
~ - CooH
0
() —] )
H
in which n is 0 to 4,
Ry
10 Q is -;NRlR2 or -N-C-W in which Rl and R2 are inde-

I
NRy
pendently chosen from hydrogen, loweralkyl, loweralkenyl,

\ ,
heteroaryl, phenvl, phenyl substituted by one or more

groups chosen from chloro, bromo, fluoro, loweralkyl,

hydroxy, nitro, amino, aminomethyl, mono—loweralkylamino,
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di-loweralkylamino, loweralkoxy, and carboxy, or Rl is
hydrogen and R2 is acyl;
W is chosen from hydrogen, loweralkyl and amino; and

Z is chosen from hydrogen, 4-imidazolyl, 3-indolyl,

phenyl, p-hydroxyphenyl, branched lower alkyl, -COOR,, -OR

1 1’
—NRlR2 or -SRl, wherein Rl and R2 are as defined above; or X is

(CH 5

2°p ‘\
\><$R3
(CHZ)r G

in which p is 2 to 6,

(ii)

ris 0, 1, 2 or 3, NH

R, is hydrogén, loweralkyl, amidino or R4—C- in which

3
R4 is hydrogen, or Cl-C3 alkyl, and

G is hydrogen, loweralkyl, loweralkoxy, amino, hydroxy,
carboxy or loweralkylthio;

and the pharmaceutically acceptable salts and

metabolisable esters thereof,

said process being characterized by:
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intramolecular cyclisation of a compound of

a) .
formula IV
B ,
R— z s\\C//X
il
RlO v
Y/ N Y

in which R is as. defined above, R_ is oxygen or
10

sulphur, P_ is a carboxy protecting group, X' represents

NR3R!
P12

coopg™
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b) NR!R

— -

(CHZ)n+1_‘ z

in which Ri and Ré represent respectively Rl and R2 as
defined above except that they cannot simultaneously
represent hydrogen or Ri corresponds to Rl as defined

above and Ré is an amino protecting group, Pg"' is a
carboxy protecting group and any functional group in Z

is protected of necessary or desired; or

in which Ré is loweralkyl or an amino protecting group
and any functional group in G is protected if necessary
or desired, any other functional groups are protected
if necessary or desired and Y is a phosphonio group
being double bonded to the adjacent carbon atom or a
phosphonato group with a single bond to the adjacent

carbon atom the negative charge of which is compensated

~ by the presence of a cation; or
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B). reacting a compound of formula IV'

(11345

1
R——_———W//S\\gx/x
Rip v
N o
& \(

coop
g

in which R, X!} Ry g and Pg are as defined above, with

a trivalent erganophosphorus compound;

> followed by removal of any protecting qroups'beforerbr

after any necessary or desired separation of stereo-

isomers if a mixture of stereocisomers was subjected to

cyclisation, and if necessary or desired subjecting the

resulting compound to one or more of the following

10 7 operations:
(1)
(i1)
15
(1i1)
(iv)
20

converting a free acid group to a pharma-
ceutically acceptable salt or metaboli-

sable ester group:

converting a salt t6 a pharmaceutically
acceptable metabolisable ester or free

acid;

introducing the grouping -%-W into an

NR2

amine group represented by Q:

replacing the substituent Ré when it re-

presents hydrogen by amidine or the group
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NH

il
R4 -C- 3

separation of a mixture of enantiomers.

2. A process according to claim 1, in which a compound

of formula I in which R is l-hydroxyethyl is obtained.

5 3. A process according to claim 1 in which is obtained
a compound having the formula II(a)
og B H THz
>vJL———i//s (CH,) _-CumH II(a)
2'n ‘ -
COOH
/7——1\"
0 “cooE
in which n is as defined in claim 1, or a pharma-
ceutically acceptable salt or metébolisable ester
10 N thereof.
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4. A process according to claim 1 in which is obtained

a compound having the formula III

R ? E S §H2 ;/’\\
S = \ -
™ LRI %
l k= III
N
4 COOH

in which n is as defined in claim 1 and Z is chosen

5 from hydrogen, carboxy, hydroxy, loweralkylthio.
or a pharmaceutically acceptable salt or metabo-
lisable ester thereof.

5. A process according to claim 1 in which is
obtained a compound of formula I (ii) in which
io

r + pis 4, G is hydrogen or methyl, and R3 is hydrogen,
acetimidoyl or amidino and the éharmaceutically accept-

able salts and metabolised esters thereof.
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6. A process according to claim 3,in which is obtained
(5R,6S,8R 1'R)~6-(l-hydroxyethyl)-2-(1l'-amino-1'-carboxy)
ethyi—2—penem—3—carboxylic acid,
(5R,6$,8R,2‘R)~6-(l-hydroxyethyl)-Z-(2'-amino—2'-
carboxy)ethyl-3—penem-3—carboxylic ac;d,
(éR,ss,8£,4'R)-s-(1—hydroxyethy1)72—(3'ramino-3'-
carboxy)propyl-2-penem—-3-carboxylic acid, or a
pharmaceutically acceptable salt or metabolisable

ester thereof.

7. A process according to claim 4, in which is obtained
(5R,65,8R,1'R) -6~ (1l-hydroxyethyl)-2-{(l'~amino-3'-
carboxy)propyl]-2-penem-3~carboxylic acid,
(5R,68,8R,1'R)—6-(1-hydroxyethy1)-2—[(l'—amino-3';
methylthio)propyl]~2~penem-3—carboxylic acig,

(5R,6S,8R,1'R)~-6- (l-hydroxyethyl)=-2-{(1l'-amino-2"'-

. methylthio)ethyl]-2~penem-3-carboxylic acid,

(5R,6S,8R,1'R) -6~ (1-hydroxyethyl) -2-(1',5'-diamino-
pentyl)-2-penem-3-carboxylic acid,
(5R,6S,8R,1'R) -6~ (l-hydroxyethyl)-2[(l'-acetimidoyl-

3'-methylthio)propyl]-2-penem-3-carboxylic acid,
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(5R,6S,8R,1'R) -6~ (l-hydroxyethyl)-2-{[(1'-guanidoyl-
3'~methylthio)propyl]-Z-penem-3-carboxylic acid
or a pharmaceutically acceptable salt or

metabolisable ester thereof.

8. A process as defined in claim 1, in which is obtained
(5R,6S,8R)~6~ (1-hydroxyethyl)-2-(4'-piperidinyl) -2~
penen-3-carboxylic acid,
(SR,GS,BR)-G—(l-hydroxyethyl)-z-}3‘-p;peridinyl)—2-
penem—3—cafboxylic acid,

(5R,6S,8R,2'R)-6- (1l-hydroxyethyl)-2-(2'-piperidinyl)-

2-penem-3-carboxylic acid,

(5r,65,8R,2'RS)-6—(l-hydroxyethyl)-2-(2'-piperidinyl)~-

2-penem-3-carboxylic acid,
(SR,GS,SR,Z'R)—G—(l—hydroxyethyl)-Z-(2'-pyrrolidinyl‘-
2-penem—-3-carboxylic acig,

(5R,6S,8R)-6- (1-hydroxyvethyl)-2-(N-acetimidoyl-4"'-
pipéridinyl)-i-penem—B—carboxylic acid,

(5R,6S,8R) -6~ (1-hydroxyethyl) -2- (N-amidino-4 "'~
piperidinyl)—2-penem—3—carb5xylic acid,

or a pharmaceutically acceptable salt or metabo-

lisable ester thereof.



9.

10.

0109044

_ 87 -

A process for preparing a pharmaceutical composition
comprising mixing a compound of formula I as defined
in any one of the preceding claims, with a pharma-

ceutically acceptable carrier or excipient.

A process for preparing a pharmaceutical composition
comprising mixing a compound of formula I as defined
in any of the claims 1 to 8; when obtained by the
process of any of claims 1 to 8, with a pharmaceu-

tically acceptable carrier or excipient.
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